noradrenergic receptor activation.
Our data show that catecholamines from sweat gland innervation induce production of a cholinergic differentiation factor in developing sweat glands, thereby triggering the switch to a cholinergic phenotype. Further, they indicate that the initial expression of catecholamines by cholinergic sympathetic neurons is not simply a default pathway (4) but is an essential step in their developmental differentiation. The requirement for target innervation, which is not necessary for production of nerve growth factor (19) , the target-derived trophic factor for sympathetic neurons, may restrict the availability of the differentiation factor and increase the specificity of neuron-target interactions.
This study shows that both anterograde and retrograde signaling are needed for development of functional synapses between sympathetic neurons and sweat glands. Noradrenergic neurons contact the glands and stimulate production of SGF. Sweat glands release SGF, which induces cholinergic properties in the noradrenergic neurons, and acetylcholine then induces maturation of the sweat glands (20) , which results in the establishment of a functional synapse.
days. Neurons were plated with 25,000 to 30,000 cells per well in 24-well plates for transfilter experiments and 3000 to 4000 cells per well in 96-well plates for other experiments. Primary rat sweat gland cultures were established by explanting tissue from hind footpads of P7 to P9 rats. Pads were treated with dispase and collagenase for 75 min at 370C before gland-containing regions were explanted and cells were grown to near confluence in serum-free medium [D. Gruenert, C. Basbaum, J. Widdicombe, In Vitro Cell. Dev. Biol. 26, 411 (1990); G. Collie, M. Buchwald, P. Harper, J. Riordan, ibid. 21, 257 (1985) ]. Gland cells were added to neurons after 2 days, 4 Vl retinal degeneration associated with the Leul85Pro allele required an additional gene defect at another locus. We found evidence strongly supporting this hypothesis when we screened these families for mutations in the ROM1 gene.
The ROM] gene is similar to the peripherin/RDS gene in its genomic structure, its photoreceptor-specific expression, and in the primary and probably secondary structure of its protein product (4). The two genes are not linked: Peripherin/RDS has been assigned to chromosome 6p and ROM1 to 1lq (5) . The encoded proteins form homodimers that interact noncovalently with each other. They have been hypothesized to play an important role at the rim region of photoreceptor outer segment disc membranes (6) .
Starting with the human complementary DNA (cDNA) sequence (6), we used the polymerase chain reaction (PCR) to amplify and sequence two introns of the ROMI gene. On the basis of this genomic sequence, we divided the gene into eight overlapping regions that could be amplified by PCR. We used the technique called single-strand conformation polymorphism (SSCP) (7) to screen affected patients from these three families for mutations in the ROM] gene. Two distinct 1-base pair (bp) insertions in exon 1 were found (Fig. 2) . One mutation, termed Gly80(1-bp ins), was found in families #6285 and #6935. The other mutation, Leul 14(1-bp ins), was found in family #5509. Both mutations are frameshifts early in the coding region resulting in a downstream premature stop at codon 131. As such, they probably do not encode a functional protein and therefore are likely to be null alleles.
Analysis of the segregation of the peripherin/RDS and ROM1 alleles revealed that all affected individuals carry both the peripherin/RDS (Leul85Pro) allele and a ROM1 null allele heterozygously (Fig. 1) these alleles might result in no observable phenotype) and that only the combination of the two unlinked heterozygous mutations SCIENCE * VOL. 264 * 10 JUNE 1994 is pathogenic. The term "digenic retinitis pigmentosa" encompasses both possible genetic mechanisms. Table 1 . Full-field ERGs recorded from affected and unaffected members from the three families. Listed values are the average of both eyes at the initial visit. ERG amplitudes elicited in response to dim blue flashes at 0.5 Hz are a measure of rod function, responses to white flashes at 0.5 Hz are a measure of rod-plus-cone function, and responses to white flashes at 30 Hz are a measure of cone function (9, 23) . Implicit time refers to the interval between a flash of light and the peak of the resulting cornea-positive wave; substantial increases in implicit time are characteristic of RP (9) . The normal range (nr) of values for each measurement is given in parenthesis. ND, not detectable; NT, not tested. Our procedure for recording ERGs has been previously reported (9, 23 Mutations other than Leul85Pro in the human peripherin/RDS gene have been observed to cosegregate with autosomal dominant RP (3, 14) , retinitis punctata albescens (15), or certain hereditary macular dystrophies (16) (17) (18) 
